Osteoclasts, derived from multipotent myeloid progenitor cells, play homeostatic roles in skeletal modeling and remodeling, but may also destroy bone in pathological conditions such as osteoporosis and rheumatoid arthritis. Osteoclast development depends critically on a differentiation factor, the receptor activator of NF-κB ligand (RANKL). In this study, we found that the hexane soluble fraction of the common fig Ficus carica (HF6-FC) is a potent inhibitor of osteoclastogenesis in RANKL-stimulated RAW 264.7 cells and in bone marrow-derived macrophages (BMMs). HF6-FC exerts its inhibitory effects by suppression of p38 and NF-κB but activation of ERK. In addition, HF6-FC significantly decreased the expression of NFATc1 and c-Fos, the master regulator of osteoclast differentiation. The data indicate that components of HF6-FC may have therapeutic effects on bone-destructive processes such as osteoporosis, rheumatoid arthritis, and periodontal bone resorption.
INTRODUCTION
Ficus carica L. (Moraceae), the common Fig, is widely distributed in South Korea, and the leaves of this plant have been used as folk medicine for hemorrhoids, neuralgia, warts, diarrhea and carbuncles in Korea and China (Lee, 1996) . The leaves of this plant contain terpenoid, saponin and flavonoid compounds (el-Kholy and Shaban, 1966; Ahmed et al., 1988) , which may be related to their alleged antiviral effects on herpes simplex virus (HSV), and hypoglycemic activity in type-I diabetic patients (Serraclara et al., 1998; Canal et al., 2000) . But no study has yet reported the regulatory effects of F. carica leaf on osteogenic differentiation.
A balance between osteoclast-regulated bone resorption and osteoblast-induced bone formation determines bone mass in adults. Perturbations in this balance contribute to diseases such as osteoporosis, osteomalacia, and osteopetrosis (Alliston et al., 2002; Oh et al., 2007) . The multinucleated osteoclasts are generated from hematopoietic monocyte/ macrophage precursor cells under the control of two cytokines, macrophage colony-stimulating factor (MCSF) and receptor activator of NF-κB ligand (RANKL). Osteoblasts produce these two cytokines in membrane-bound or secreted form, when activated by interleukin-1, prostaglandin E2, and vitamin D3 (Miyaura et al., 2003; Wei et al., 2005) .
RANKL induces precursor cells to differentiate into osteoclasts (Theill et al., 2002) , whereas M-CSF provides an osteoclast survival signal (Yoshida et al., 1990) . RANKL is expressed in osteoblasts and induces the signaling essential for precursor cells to differentiate into osteoclasts (Theill et al., 2002) , whereas M-CSF, secreted by osteoblasts, provides the survival signal to these cells (Yoshida et al., 1990) . Binding of RANKL to its receptor RANK activates TNF receptor-associated factor 6 (TRAF6), which is linked to the nuclear factor κB (NF-κB) and mitogen-activated protein kinases (MAPKs) (Kobayashi et al., 2001; Lee et al., 2002) . Active extracellular signal-regulated kinase (ERK) can directly phosphorylate c-Fos and active c-Jun-N-terminal kinase (JNK) phosphorylates c-Jun. Thus AP-1 transcription factor, a heterodimer composed of a Fos family (c-Fos, FosB, Fra-1, and Fra-2) and a Jun family (c-Jun, JunB, and JunD) protein, can be a target of ERK and JNK in response to RANKL in osteoclast precursor cells. In addition, RANKL induces the key transcription factor for osteoclastogenesis, nuclear factor of activated T cells c1 (NFATc1) (Zhou et al., 2002; Yamashita et al., 2007) .
In this study, we assessed the effects of the hexane soluble fraction of F. carica leaf (HF6-FC) on RANKL-induced osteoclastogenesis in murine monocytes/macrophage RAW 264.7 cells and bone marrow-derived macrophages (BMMs). HF6-FC significantly suppressed osteoclast differentiation in both situations, and inhibited RANKL-induced activation of NF-κB and c-Fos. Our results suggest that HF6-FC may be useful as a therapeutic agent for bone lytic diseases such as osteoporosis, osteomalacia, and osteopetrosis.
METHODS

Reagents
The leaves of F. carica were collected in July 2008 in Youngam, Chonnam, Korea and air-dried. A voucher specimen was deposited in the herbarium of the College of Pharmacy, Woosuk University (WSU-08-025). Murine monocyte/marcrophage RAW 264.7 cells were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cell culture media and supplements, including minimum essential medium-alpha (α-MEM), Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), penicillin/streptomycin, trypsin-EDTA and TRIzol were obtained from GIBCO (Invitrogen Inc, NY, USA). RANKL was purchased from PeproTech (Rocky Hill, NJ, USA); macrophage-colony stimulating factor (M-CSF), from R&D Systems (Minneapolis, MN, USA); antibodies against Akt, ERK, p38, JNK, IκBα, phospho-ERK, phospho-p38, phospho-JNK and phospo-IκBα, from Cell Signaling Technology (Beverly, MA, USA); and anti-β-actin antibody, from Sigma-Aldrich (St. Louis, MO, USA). All other chemicals were purchased from Sigma and/or the same distributors used in previous studies (Soh et al., 2000; Soh et al., 2003; Choi et al., 2008) , unless otherwise indicated.
Extraction, solvent fractionation and identification of fig leaf components
The shade-dried plant material (600 g) was extracted three times with methanol at room temperature and filtered. The extracts were combined and evaporated in vacuo at 40 o C. The resulting methanolic extract (60 g) was partitioned successively with n-hexane, methylene chloride, ethylacetate and n-butanol. The n-hexane-soluble extract, which had the most anti-osteoclastogenic activity, was fractionated on a silica gel column (n-hexane-ethyl acetate, 10：1-1：1) to give eight fractions (H1-H8). Of these eight, fraction H6, the most active one (HF6-FC), was analyzed by GS-MS to identify its constituents.
Cell culture and Isolation of bone marrow-derived macrophages
The murine monocyte/macrophage cell line RAW264.7 was cultured with DMEM containing 10% heat-inactivated FBS, penicillin (100 U/ml), and streptomycin (100 μg/ml). All cells were grown in a humidified atmosphere containing 5% CO2 at 37 o C. To induce osteoclast differentiation, RAW264.7 cells were suspended in α-MEM containing 10% FBS, 2 mM L-glutamate, 100 U/ml penicillin, and 100 μg/ml streptomycin; seeded at 3×10 3 cells/well in 96-well culture plates; and cultured with 50 ng/ml soluble RANKL for 6 days. The medium and HF6-FC were changed every two or three days. Six-week-old ICR (Institute of Cancer Research) mice were purchased from Damool Science (Daejeon, Korea). Cells obtained from tibia and femur bone marrow were cultured in α-MEM with 10% fetal bovine serum (FBS) containing 30 ng/ml macrophage colony-stimulating factor (M-CSF). After culturing for three days, the nonadherent cells were removed by washing and adherent cells were used as bone marrow-derived macrophages (BMMs). BMM were cultured for three days in medium containing M-CSF (30 ng/ml) and RANKL (200 ng/ml).
MTT assay
Cells (5×10 3 per well) were seeded in a 96-well plate with medium supplemented with 10% FBS and incubated for 24 h. Cells were treated with various concentrations of HF6-FC for 24 h, then washed three times with phosphate-buffered saline (PBS) and treated with medium containing 100 μg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) for 2 h at 37 o C. Cells were then washed with PBS and solubilized in 200 μl of DMSO. The intracellular purple formazan concentrations were determined from the absorbance at 540 nm.
Tartrate-resistant acid phosphatase (TRAP) staining
TRAP staining was performed as described (Han et al., 2007) . Briefly, cells were washed with PBS and fixed with 3.7% formaldehyde for 10 min. After washing with PBS, cells were made permeable with 0.1% (v/v) Triton X-100 for 1 min and washed with distilled water. Cells were incubated at 37 o C in a humid and light-protected incubator for 40 min in the reaction mixture of the Leukocyte Acid Phosphatase Assay kit (Sigma, Cat No. 387) , as directed by the manufacturer. Cells were washed three times with distilled water and TRAP-positive multinucleated cells containing three or more nuclei were counted under a light microscope.
RT-PCR analysis
Total RNA was isolated from cultured cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and cDNA was synthesized using SuperScript II reverse transcriptase (Invitrogen) according to the manufacturer's instruction. PCR was performed with mouse-specific primers, shown here with the corresponding gene sequences: c-Fos, 5'-atgggctctcctgtcaacac-3' (forward) and 5'-tggagtttattttggcagcc-3' (reverse); NFATc1, 5'-gggtcagtgtgaccgaagat-3' (forward) and 5'-tccacccacttctgacttcc-3' (reverse); GAPDH, 5'-accacagtccatgccatcac-3' (forward) and 5'-tacagcaacagggtggtgga-3' (reverse). Thermal cycling parameters were 95°C for 5 min, followed by 25∼35 cycles for 30 sec at 95 
Western blot analysis
Cells were harvested, washed three times with ice-cold phosphate buffered saline containing 1 mM sodium vanadate, and lysed in a buffer containing 20 mM Tris-HCl (pH 7.5), 137 mM NaCl, 10% glycerol, 1% Triton X-100, 1 mM Na3VO4, 1 mM phenylmethylsulfonylfluoride (PMSF), and 1×protease inhibitor cocktail. Total cell lystes were incubated for 20 min and centrifuged at 16,000× g for 15 min at 4 o C, and supernatants were used as cell extracts. Cell extracts (30∼40 μg) were separated on an 8∼10% sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) and then transferred onto a polyvinylidene difluoride (PVDF) membrane (Bio-Rad). The membranes were blocked for 1 h at room temperature with 5% nonfat skim milk in Tris-buffered saline (TBS) containing 0.1% Tween-20 (TTBS), and then probed with specific antibodies in 5% nonfat skim milk in TTBS, for 16 h at 4 o C. Horseradish peroxidase-conjugated anti-rabbit or mouse antibodies (Santa Cruz Biotechnology) were used as secondary antibodies (1：5,000∼1：10,000 dilution in 5% nonfat skim milk in TTBS) for 1 h incubation at room temperature. The antigen-antibody complexes were detected with an ECL Plus kit (Amersham Biosciences, Piscataway, NJ, USA).
Statistical analysis
All data are expressed as the mean ±SD of three or more replicates, unless otherwise indicated. Group data were compared using one-way analysis of variance (ANOVA) followed by a Student's t-test, and p values less than 0.05 were considered significant.
RESULTS
Characterization of the hexane soluble fraction of F. carica
The n-hexane soluble fraction of F. carica showed a significant anti-osteoclastogenic activity in the murine monocyte/macrophage cell line RAW 264.7. Of the eight silica gel fractions (H1-H8), H6 (HF6-FC) exhibited the strongest anti-osteoclastogenic effect (data not shown). Analysis by GS-MS (Fig. 1) identified the following components of HF6-FC: octadecane, pentadecane, hexadecane, heptadecane, octadecane, 2H-1-benzopyran-2-one, nonadecane, hexadecanoic acid methyl ester, octadecanoic acid methyl ester, tridecane, tetradecane, eicosane, 9,12,-octadecadienoic acid methyl ester and 8-octadecenoic acid. HF6-FC was used for all cell experiments. DMSO was used as control vehicle to solubilize HF6-FC.
Effect of HF6-FC on osteoclastogenesis in murine monocyte/macrophage RAW 264.7 cells
Using the murine monocyte/macrophage cell line RAW 264.7 as a model for osteoclastogenesis, we found that RANKL (50 ng/ml) induced TRAP-positive multinucleated osteoclasts. The HF6-FC, however, inhibited osteoclast differentiation in a concentration-dependent manner ( Fig. 2A) , reducing the numbers of TRAP-positive multinucleated cells by 34.3±4.2% and 88.6±1.5% at 1 and 10 μg/ml, respectively (Fig. 2B) . To test the effects of HF6-FC on cell growth, cells were treated with various concentrations of HF6-FC for 24 h and growth and viability were tested in an MTT assay. In this study, the HF6-FC did not did not adversely affect the cell growth rate of RAW 264.7 cells (Fig. 2C) . Hence, the anti-osteoclastogenic action of HF6-FC does not apparently stem from cell toxicity. .7 cells were cultured in the presence of RANKL (50 ng/ml) for 6 days. HF6-FC was added to the culture medium at final concentrations of 0.1, 1, and 10 μg/ml, and cells were stained for TRAP activity on day 6. (B) TRAP-positive multinucleated osteoclasts were counted. Data represent the mean ± SD of three independent experiments. *p＜0.05 and **p＜0.01, as compared to the control without HF6-FC, respectively. (C) RAW 264.7 cells were seeded into 96-well plates and incubated with HF6-FC for 24 h. Cell proliferation was evaluated with the MTT assay.
Fig. 3. Effect of HF6-FC on RANKL-induced osteoclastogenesis in bone marrow-derived macrophages (BMM). (A)
BMMs were cultured in the presence of M-CSF (20 ng/ml) and RANKL (100 ng/ml) for 3 days. HF6-FC was added to the culture medium at final concentrations of 0.1, 1, and 10 μg/ml. (B) After three days, cells were fixed and stained for TRAP, and TRAP-positive multinuclear cells (MNC) were counted. Data represent the mean ± SD of three independent experiments. **p＜0.01 versus the control without HF6-FC.
Effect of HF6-FC on osteoclastogenesis in bone marrowderived macrophages
Bone marrow-derived macrophages (BMMs) were induced to differentiate into osteoclasts in the presence of M-CSF and RANKL. In this system, HF6-FC reduced the formation of TRAP-positive multinucleated cell (MNC) in a concentration-dependent manner (Fig. 3A) , with almost complete inhibition of osteoclastogenesis at 10 μg/ml and reductions in TRAP-positive multinucleated cells by 28.7 ± 3.8% and 96.4 ±0.7% at 1 μg/ml and 10 μg/ml, respectively (Fig. 3B) . HF6-FC did not affect the growth of BMMs at the concentrations used in this study (data not shown).
Effect of HF6-FC on MAPKs in RANKL-stimulated RAW 264.7 cells
The mitogen-activated protein kinases (MAPKs), which include the ERK, JNK, and p38 kinase families, participate in RANKL-induced osteoclast differentiation. To investigate the role of MAPK signaling in the anti-osteoclastogenic action of HF6-FC, we tested the effect of the extract on ERK, JNK, and p38 activities in RANKL-induced RAW264.7 cells. We measured these activities by immunoblot analysis, using antibodies specifically directed against the phosphorylated forms of the enzymes, and for comparison, antibodies specific for the unphosphorylated forms. As shown in Fig. 4 , RANKL induced both ERK and p38. HF6-FC further increased the ERK activity, but inhibited the RANKL-induced p38 kinase activation.
NF-κB expression in RANKL-stimulated RAW 264.7 cells
Activation of the transcription factor NF-κB is an essential step in osteoclast differentiation (Wong, 1998; Kotake, 1999) . NF-κB activation occurs through release from inhibitory κB (IκB), which is phosphorylated, ubiquitinated, Fig. 4 . Effect of HF6-FC on MAPK activation by RANKL in RAW 264.7 cells. Cells were serum-starved for 16 h, pretreated with or without HF6-FC (10 μg/ml) for 30 min, and stimulated with RANKL (100 ng/ml) for times indicated. Whole cell lystes were used for western blotting with MAPK-specific antibodies. Blots were stripped and reprobed with other antibodies. and degraded in the proteasome. In RANKL-treated RAW 264.7 cells, the level of phosphorylated IκB-αprotein increased after a 15 min exposure. The presence of HF6-FC, however, significantly reduced that increase (Fig. 5A) . At 30 min, the RANKL treatment also increased the phosphorylation state (and hence the transactivation potential) of p65 (Vaira et al., 2008) . Addition of HF6-FC significantly suppressed the level of phosphorylated p65 (Fig. 5B) . These results suggest that HF6-FC suppresses the NF-κB induction by RANKL. 
c-Fos and NFATc1 expression in RANKL-stimulated RAW 264.7 cells
In osteoclast precursor cells, RANKL increases the level of c-Fos, a key transcription factor in osteoclast differentiation (Wong et al., 1998; Chang et al., 2007) . As shown in Fig. 6A , RANKL induced c-Fos protein in RAW 264.7 cells at 12 h. HF6-FC significantly restricted this increase in c-Fos. We also examined the regulation of nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 1 (NFATc1) in RANKL-induced RAW 264.7 cells, and found that HF6-FC significantly reduced RANKL-induced increase of NFATc1 mRNA (Fig. 6B) . These results suggest that HF6-FC suppresses c-Fos as well as NFATc1 induction by RANKL in the RAW 264.7 cells.
DISCUSSION
Bone destruction and inflammation are closely linked in diseases such as periodontitis and rheumatoid arthritis (Jimi et al., 2004) . Inflammatory cytokines and prostaglandins up-regulate RANKL in osteoblasts, synovial fibroblasts and activated T cells (Mino et al., 1998; Coon et al., 2007) , and signaling interactions of RANKL and RANK stimulate osteoclast formation, resorption activity, and survival (Han et al., 2007) . Regulation of osteoclast development and the signaling pathway of RANK have been well characterized (Teitelbaum and Ross, 2003) .
The signaling mechanism of RANKL has been extensively studied. Cells of the osteoblast lineage express a membranebound form of RANKL, a member of the TNF cytokine family. RANK, like other members of the TNF receptor superfamily, strongly activates the NF-κB pathway. Binding of RANKL to its receptor RANK in BMMs recruits TRAF family proteins such as TRAF6, which interacts with NF-κB and JNK pathways (Wong et al., 1998; Takayanagi et al., 2002; Yamashita et al., 2007) . In mammals, the NF-κB family has five members: RelA/p65, RelB, c-Rel, NF-κB1/p50, and NF-κB2/p52 (Vaira et al., 2008) . In the canonical NF-κB pathway, ligation of RANK activates the inhibitor of the IκB kinase (IKK) complex, which phosphorylates NF-κB-associated IκBα, and leads to its ubiquitination and proteosomal degradation. These events release NF-κB dimers containing RelA and c-Rel into the cytosol, from which they enter the nucleus to enhance transcription of target genes (Luo et al., 2005) . HF6-FC inhibited NF-κB transcriptional activity as well as phosphorylation of IκB and p65, which RANKL markedly induces.
In addition to the NF-κB pathways, RANKL activates ERK, JNK and p38 in osteoclasts and their precursor cells (Yoshida et al., 1990; Lee et al., 2002; Chang et al., 2007) . Downstream targets of ERK and JNK include the AP-1 transcription factor. While ERK can induce and activate c-Fos, JNK increases AP-1 transcriptional activity through c-Jun phosphorylation. In differentiated osteoclasts, ERK activity correlates with cell survival, but not with resorption function (Miyazaki et al., 2000) . While HF6-FC inhibited the RANKL-induced p38 kinase activation, it did not inhibit the ERK activation, but instead prolonged ERK activity, suggesting that HF6-FC influences osteoclast survival through ERK, and osteoclastogenesis via p38 kinase. Both RANKL and M-CSF activate Akt, a key regulator of osteoclast survival (Stern et al., 2007) . RANKL activates Akt through the signaling sequence TRAF6-Src-PI 3-kinase (Wong et al., 1999) .
The transcription factor NFATc1 also plays a critical role in RANKL-induced osteoclastogenesis (Takayanagi et al., 2002) . Genes such as TRAP, cathepsin K, and MMP-9, which are specifically induced during terminal osteoclast differentiation, contain multiple NFAT and AP-1 binding sites (Reddy et al., 1995; Motyckova et al., 2001 ). Both AP-1 and NF-κB binding sites are present within the promoter region of the NFATc1 gene (Zhou et al., 2002) . It is therefore possible that these two transcription factors initiate induction of the gene, which is then followed by NFATc1-mediated autoamplification of gene induction. Accordingly, we investigated the up-regulation of specific genes such as MMP9, TRAP, RANK, and cathepsin K in RANKL-induced RAW 264.7 cells. However, HF6-FC did not affect the expression of theses genes (data not shown).
In summary, HF6-FC inhibited the osteoclastic differ-entiation of RANKL-stimulated macrophages and BMMs. In RANKL-stimulated RAW 264.7 cells, HF6-FC inhibited the activation of c-Fos and p38 kinase, NFATc1 and NF-κB, possibly through the inhibition of IκB phosphorylation; however, HF6-FC increased the ERK activity. Although further study is needed to confirm its effectiveness in vivo, HF6-FC may potentially provide a novel therapy for disorders associated with bone loss.
